Abstract-Mis-orientation in unfamiliar domain is a common problem for new visitors when they visit a new location. This study proposes a unique solution by visualizing the real world to 3D model similarly (congruent) while the visitor on the move. Our approach provides visualization of 3D maps in virtual 3D workspace environments which assist a user to navigate to a target location to meet with others. This paper presents a mobile based prototype with a 3D model for navigating users in an unfamiliar environment. This prototype can accommodate more than 2 users to navigate in a 3D-walk space in a real time. It shows the users their where-about in the form of visualized 3D maps. The 3D map also shows to the user her/hir location on the scene relative to the location of another user that she/he wants to meet on the same image plane. This method of relative location will help the users to navigate around the location to reach their target easier.
I. INTRODUCTION
Where am I? Where can I find a bank? Where can I find a cafeteria? Where can I find a library? These are the typical questions students, a new staff and visitors of a campus have. The question of: "Where is the mosque?" is an easy question to answer in our IIUM Gombak campus since the mosque has a high minaret in the center of the campus. But how to go there from certain location, for some new comers are not that easy, especially in finding the shortest path.
This paper describes about VisUn-3D, a prototype system for user navigation with 3D visualization. An investigation to understand the behavior and the way users navigate in a 3D workspace of a campus environment has been done by utilizing this prototype system. This work is part of an integrated application in developing an Intelligent Environment. The goal is to make user can interact with computer easier in an environment so called as smart environment where technology spread throughout (pervasive), computers are everywhere at the same time (ubiquitous), and technology is embedded (ambient) in the environment. The technology used and developed should not be difficult or tedious. It should also have a high learnability which can be intuitively operated by novice users.
VisUN-3D was developed in-line with this goal and targeting for outdoor user navigation to allow the user using their personal small device such as Smart Phone or PDA with GPS enable device in a campus environment. The purpose is to allow the user to navigate in their current location and the surrounding areas. The special purpose for this development is to allow a user to navigate himself/herself and see the location of other user(s).
The users can see each other's location on the virtual space including the maps. The virtual space has been developed with a precision scale to the actual outdoor environment by using the combination of Google-map, Campus map, and Campus infrastructure map and to draw it in 3D spaces. The user location in the map was based on the input from the GPS of a smart phone or PDA that user brings together with him/her anytime anywhere.
Why do we choose 3D graphics to navigate user? It is simply because 3D graphics would add value to mobile navigation and localize the information delivery. 3D interaction environment are an intuitive and user-friendly way to view location-based information and in our implementation user can compare directly their current location and their location in 3D map.
The contribution and the uniqueness of our work is that, we built 3D campus maps inside 3D workspace at our campus environment to navigate several users at the same time by using their mobile devices. The 3D rendering and GPS navigation are embedded into various wireless PDA or smart phone devices to allow the navigation of the users.
The next session presents related works in the field that motivates our prototype development. Section 3 describes how VisUN-3D conducts 3D Navigation and Manipulation including the sample scenario of user navigation. Followed by the result from our experiments which showed the capability of VisUN-3D in navigating and visualizing location-based information using outdoor 3D workspaces in a campus environment. The paper concludes with the listing of the aspect of the advantages and applications of visualizing the real-time real world with 3D objects and environments in 3D model II. RELATED WORK The early mobile 3D experiments which visualize 3D vector graphics, small animation and other media on mobile data terminal over GSM network were introduced by Raposo et.al. [1] . Rakkolainen et. al. built a system to visualize realtime GPS data with VRML worlds [2] . Movements of mobile unit could be viewed in a VRML world. The mobile unit consists of Laptop, GPS and a GSM phone.
In our experiment, we built a user navigation which visualizes real-time GPS in a 3D workspace of a campus environment. The mobile device is simply a PDA with GPS and GPRS enable.
The theoretical foundation for tree-maps was outlined by Shneiderman [3] , which implemented in our 3D maps. Johnson and Shneiderman [4] then further developed the concept by providing a more user-centered view of tree-maps. This usercentered tree-maps has also been introduced as an alternative method for viewing large file systems. In their study, in relation to user-centered design, some usability issues have been identified of requiring further study for the tree-maps. To mention some of those issues are: interactivity, comprehension, efficient space utilization, and aesthetics. The space utilization covers several aspects, which are zooming (including traversing the hierarchy), coloring, layout, filtering, and labeling of files.
To understand large structures it is often necessary to show both small-scale and large-scale structure. This has been called the problem of focus+context. Distortion, zooming, elision, and multiple windows are the most of the techniques that have been used to provide both focus+context within single representations. In our architecture the problem like focus+context can be found in the animated expansion. Our animation expansion is adapted from the technique introduced by Stasko and Zang [5] which give details to the users regarding a selected branch or node of the tree without taking away the original data in view. The use of animation to help users in making their decisions was initially reported by Gonzales [6] through his user studies.
We also investigated the principles of our prototype based on navigation and way-finding in 3D virtual worlds. Darken [8] classifies way-finding tasks into naive search, primed search, and exploration. Our approach is close to the naive search, in which the user has no a priori knowledge of the target. Orientation movement during navigation (i.e., skilled wayfinding) was improved by the increased spatial (location/place) knowledge of the environment. Three levels of information is normally used to describe the spatial knowledge, which are: landmark knowledge, procedural knowledge, and survey knowledge [8, 9] . Among those three knowledge, the landmark one is the knowledge that looking at the landmarks existed in the area, where landmarks here are defined as predominant objects in the environment [10] .
In our visualization of user navigation using 3D maps in virtual 3D walk-space, our main focus is to support users with better navigation and to learn the structure of the graphical space with the help of the real-time connection between the 3D maps and the 3D walk-spaces model based on landmark knowledge. 3D walk-spaces refer to 3D space environment that allow a user to freely walk in those spaces/areas.
In regard to map usage efficiency, according to the forward-up equivalence principle, the upward direction on a map must show what is in front of the viewer [11] . These principles are applied to our prototype. Also, the ornament-scale is easier to recognize in a nearphotorealistic virtual 3D walk-spaces.
III. VISUN-3D COPROCESSING INTERACTIVE ARCHITECTURE
The hearth of the VisUN-3D user navigation is the VisUN-3D co-processing interactive architecture, as shown in Figure  1 . The architecture describes the structure of controlled resources to be processed in 3D workspace processing and to visualize using visualization application based on user interaction in real-time manner.
The core of this architecture is navigation, animation and maintenance objects. VisUN-3D architecture has 2 unique navigations categories, i.e.:
1. structural-view navigation, which processes the 3D map. This process will produce a 3D map for user navigation, using hierarchy of the symbolic (name) location.
2. spatial-view navigation, which navigate in the 3D walk-space and animate the object to get equivalence view between the 3D walk-space and the real campus environment.
In this study we merge both of the navigation techniques. We also propose a VisUN-3D approach for user navigation, as a step by step guidance for user navigation process, where user must have to know the following information:
1. his location in the 3D map 2. his location in the 3D walk-space 3. the target location to meet 4. his colleague location in the 3D map 5. his location in the 3D walk-space.
A number of 3D techniques were adopted in this architecture including zooming technique. We use a tightly "zooming", which include changing the camera focal length, moving the camera toward an object, and scaling an object up.
Two forms of 3D zooming applied: 1. geometric zooming which provides a blow up of the graph content, and 2. semantic zooming which means the information content changes and more details are shown when approaching a particular area of the graph. The technical difficulty does not lie in the zooming operation itself, but rather with assigning an appropriate level of detail, i.e., a sort of clustering, to subgraphs.
3D zooming also provides new options for choosing viewpoints to provide new views of a given design. We can zoom-in (by walking) and choose another angle (by rotating the design). The classical ways of developing views (such as algebraic manipulation of relations and placing of nodes).
All zooming operates through a standard interface provided by a set of 3D widgets. This means that zoom can, in most cases, be performed by simply adjusting screen transformations and redraw the screen's contents from an internal representation.
In VisUN-3D architecture, we also consider the use of semiotic approach in presenting 3D objects. Semiotics is the discipline that governs the representation of information by means of symbols. This presents a challenge in 3D because 3D objects must be constructed and should be equally understandable from any viewpoint. The object is a central metaphor to modern coding.
3D data visualization tool is developed to view large relational information structures. It is designed for problems where multiple entity types exist as well as multiple relationships. This information can be represented as a kind of complex graph with both weighted and typed nodes and arcs. Nodes and arcs can be weighted by the size of the things they represent, or by other metrics. The object concept can be understood in a broad sense that goes beyond object-oriented programming. A 3D graphical entity that is shaded and viewed in perspective is more object-like than a 2D representation and therefore the 3D solution better matches the central metaphor.
IV. 3D MAP DEVELOPMENT
During the development of the VisUN-3D prototype, the major task is the effort involved in capturing the content for the campus map. We begin by getting the top view of the campus, using Google-Maps, then drew the building based on those estimated measurements. For editing the images Adobe Photoshop is used together with the development of 3D images which is done using Autodesk 3D Max. The development of the application is done using the software family of Microsoft visual C# using .NET Framework, as the framework that the C# application will run on and using the standard 3D graphics library on Microsoft Direct.
A. Panda3D Engine and Egg Format
Developing the VisUN prototype has brought many challenges, especially finding the 3D engine. At this stage, we chose the 3D engine using Panda3D. Panda3D was chosen because of its simplicity and popularity. Furthermore, Panda3D provides a web-runtime and browser plugin which allows users to run a 3D program through a web browser, since it supports both Python and C++. The first prototype we developed was in Python because of the lower development time required and later, we translated the code into C++. Panda3D unfortunately does not support the standard 3D models created in common 3D modeling software such as Blender, Maya, or 3d Studio Max Instead. It introduced its own format, the so called egg format; unfortunately, no software is able to output a model yet in that format. Numerous converters and plug-ins for the mentioned modeling software are available but with limited capabilities. It took a certain amount of time to research and to explore those possibilities and limitations. Fortunately, since the prototype was being designed as lightweight as possible, having in mind that it is supposed to run on handheld devices, only simple 3D models and textures will be used and thus the conversion from e.g. .3ds or .max to .egg models should not be an issue.
B. Bi-directional A*Pathfinding algorithm
Dijkstra Algorithm, which evaluates the minimum cost of moving from a source to the target location, has been the basis of many newly introduced classical routing algorithms.
Combining A* pathfinding algorithm with the advantages of Dijkstra and Best-First-Search algorithm can produce an algorithm that can be used for routing 3D requirements in the development of VisUN 3D. This approach is obviously much more complex than a 2D algorithm, because A* pathfinding not only attempts to take the shortest step among each movement but also cares about the next step chosen. The path finding (routing) solution concentrates on the 3D area"s composition and each movement"s moving style. The time complexity search of A* depends on the heuristic. The worst case scenario is exponential in the length of the solution (the shortest path), but in the development of VisUN-3D, it is polynomial, because the search of user navigation in 3D walkspace is a tree and there is a single target. So the length of the solution for VisUN 3D, according [16, 17] , is about O(log h * (x)). However we also consider two types of target: static target and dynamic target. The static target is clear, a static location or mark and we will provide a path to reach (navigate) the target; while in the dynamic target, we will provide two different moving targets in different location and we dynamically calculate the distance and best possible path for both mobile users. In this case, the target is dynamically moving, so we also use bi-directional A* path-finding algorithm searching method to reduce the time cost of A* algorithm. Compared to classical A* algorithm searching from source to target, bi-directional A * path-finding algorithm search from source to the target and in the same time, the target also moves to the source. The searching process will stop when the two direction"s search meet each other in a 3D walk-space.
In most cases, the complexity of the bi-directional A* algorithm will be the heuristic function h that can be defined as the following:
where x is the current user location and h * is the optimal heuristic, the exact time/distance to get from current user location (x) to the target.
V. VISUN-3D NAVIGATION AND MANIPULATION
In this section, we describe a scenario for two-way direction of user navigation. Each user has the same capability to see each other from their own angle. Fig. 2 . Views from various angles: when 'blue' is going to meet 'green'.
The scenario for two-way direction of user navigation is as the following: Assume we have user blue and user green and they are in different area and they make appointment to meet face to face in certain spot/landmark. Figure 2 shows two 3D images from user blue's and user green's side. Each of them can see their current location in the 3D maps (blue dot) and also in 3D walk-space. They can easily know his location by comparing the ornament/landmark surrounding them and the 3D walk-space natural image in his PDA. At the same time, both users have to know where the location of their counterpart is, so they can have a feeling/estimation about the distance and time they need to meet. The last one is they need to decide where they are going to meet. 3D transitions or movement process between locations which takes too long runs the risk of becoming tedious, and in the end, annoying to users. One solution to the problem of abrupt transitions is to make gradual transition by either introducing a brief but smooth animated transition of the viewpoint, or if the visualization is object centric, an animated transformation of the object or objects. Fig. 3 . 'Blue' and 'green' are approaching each-others' locations, which make them able to estimate their relative locations to each other. Figure 3 shows the transition/movement of both users. User 'blue' and user 'green' can see that they are moving toward meeting with each other. The facing of the 3D map image related with the facing of 3D walk-space based on the GPS reading. In this case, both diagrams follow the direction of the mobile user, when they are on the move with their PDA.
Animating transitions between 3D maps and 3D walkspaces may have two possible benefits. First, users can see the maps directory in 3D, enlarging and moving from its previous location into the new location. If the user were to click on and enter the wrong location, it should be easier to realize the error with animation and compare to the real environment. If, on the other hand, the transition had been abrupt the user might easily continue walking in the location space. Second, the animation emphasizes the relation between the current location and the previous user location and surrounding. This may simplify learning the location structure of the 3D workspace in realism image and the real environment itself. Figure 4 shows that user 'blue' and user 'green' has finally met as they expected. In Figure 5 , the 3D maps and 3D walkspace can be shown in a PDA by reducing the quality of the image since we are considering the performance of the PDA to re-draw the image in a small device such as PDA. Some elevation data was inaccurate and had to be corrected manually. The walls and roofs had to be modeled manually based on stereo aerial photographs, maps and other images. Also, other available material, like architectural drawings, was used.
The modeled area consists at most of the campus. Some other parts of the campus are in separate models. The geometry of the campus is accurately modeled and scaled. One of the most important aspects in the 3D model is the natural and direct mapping from the visual metaphor to the source code and back. This makes the models look highly realistic due to detailed texturing (see Fig. 1-3) . The realistic style is chosen because the interface design should convey the naturalness of the real world to be able to provide appropriate tools for navigation, orientation and feedback for the user [7] .
As 3D graphics is not yet very fast in PDAs, we customized by reducing the quality of the image of VisUN-3D model. However, with the limitation of PDA resources and environment, we try to limit the use of multiple windows in our prototype.
The mobile user in the field could locate himself/herself based on the data from GPS. When the user moves, that also would be the direction of the position of the 3D map and the 3D walk-space.
VI. RESULT, DISCUSSION AND EVALUATION
The visualization of user navigation using 3D Maps in virtual 3D workspaces for mobile user is an ongoing project with more upcoming contents and features. The 3D ornament, maps and database will be expanded.
Visualization addresses a wide variety of problems that range from algorithm animation and visual programming to visualizing software design issue of large scale systems. We also consider to develop a comprehensive and analysis method in association with the maintenance and re-engineering of everyday changing in the environment.
Visualization is required to make the extracted information accessible to users. But there is no such thing as the one right view; there are many different views of a given system, and a user needs the right tools to create such views fast. The use of realistic images was also shown to have a greater positive effect on task performance than more abstract imagery.
MacKinlay [12] defined two criteria to evaluate the mapping of data to a visual metaphor: expressiveness and effectiveness. These criteria were used in 2D mappings, but can also be applied for 3D mappings.
Expressiveness refers to the level of visual representation of the metaphor for all information that expected to be visualized. In VisUN-3D, we designed that the number of visual parameters available in the metaphor for displaying information is less than the number of data values expected to be visualized. This way, the metaphor in VisUN-3D is expected to be able to meet the expressiveness criterion.
The relationship between data values and visual parameters in VisUN-3D has to be a univocal relationship; otherwise, if more than one data value is mapped onto the same visual parameter than it will be impossible to distinguish one value's influence from the other. On the other hand, there can always be visual parameters that are not used to map information, as long as there is no need for them to be utilized.
As mentioned earlier, the other criterion is effectiveness. This criterion looks at how effective is the metaphor in representing the information. This relates to the ability of the metaphor to produce a desired result or effect Along the effectiveness dimension, the VisUN-3D was developed further distinguished several criteria as well, i.e.: effectiveness regarding the information passing as visually perceived, regarding aesthetic concerns, regarding optimization (e.g., number of polygons needed to render the view).
One other problem with the VisUN-3D prototype is that, it is sometime in-accurate due to the fact that the GPS signals in urban canyons are often blocked or reflected. This is a common problem with GPS, which could dramatically reduce the accuracy of the location. Radio differential correction or learning and prediction methods have been recommended to improve the accuracy to some degree. However, the problem with signals blocking and reflecting remains.
For the case of VisUN-3D, as the 3D workspace of our Campus is in the form of precise model, the effects of blockings and reflections can be roughly estimated. When the GPS receiver's and the satellites' real coordinates are known, it can be determined which of the satellites has a straight visibility to the receiver, and which walls and planes reflect signals to the receiver. Using this technique, the GPS accuracy in 3D workspace can be improved. Software visualization addresses a wide variety of problems that range from algorithm animation and visual programming to visualizing software design issues of large-scale systems. One of the most important of these attributes is the natural and direct mapping from the visual metaphor to the source code and back.
The advantages and applications of visualizing the realtime real world with 3D objects and environments in 3D model are as follows:
1. to represent a real place, this makes easier for a user to perceive proportions, distances, and landforms, and to recognize landmarks.
2. highly interactive and allow unrestricted movement.
3. enable augmented or wholly immersive virtual spaces.
Our previous experience in 3D map on mobile device for navigation aid has also influence in the development of VisUN-3D prototype also shows that 3D representations have been shown to better support spatial memory tasks than 2D representations and mapping large amount of dynamic information to 3D representation is beneficial, regardless of the type of metaphors (real or virtual) used.
The result from our experiments show that navigation and visualization of location-based information using outdoor 3D workspaces of a campus become an intuitive for the user especially the capability for the user to estimate the time and distance when they are targeting a land mark or a meeting with a colleague in certain location. This is also become more intuitive when user is more familiar with VisUN-3D.
The results of the study also show that animation is a double-edged sword. Users can take more shortcuts to the location, but they also make more severe navigation errors.
VII. CONCLUSIONS AND FURTHER STUDY
This paper described ViSUN-3D: a 3D Maps in Virtual 3D Workspaces for Mobile User for mobile users. It enables users to view the locations of services and real places in an intuitive and user-friendly way. Our system is an early prototype of the future mobile services. They can benefit from the user's location and visualize location context-based information, which can be used for predicting and determining the distance and time between users or to certain landmark in a pervasive computing environment. For the future work, we plan to develop a web-based user navigation on campus based on GPS, in an online manner. This can be done when the wireless broadband communication and powerful 3D graphics have emerged and performed better in multimedia cellular phone, smart phone and PDA.
